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Abstract
The devBCA gene cluster (dev for development), shown to be essential for envelope formation in heterocysts of Anabaena
sp. strain PCC 7120, was identified in the gene bank of a second heterocyst-forming strain, Anabaena variabilis ATCC 29413.
Sequence and structural organization of the three genes, encoding subunits of a presumptive ABC transporter, were nearly
identical in both strains. Mutants of A. variabilis defective in the devA gene were constructed. As devA mutants of Anabaena
7120, A. variabilis mutants were unable to grow on N2 as sole nitrogen source due to incomplete differentiation of
heterocysts. ß 1998 Elsevier Science B.V. All rights reserved.
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Recently, it was shown that the devBCA gene clus-
ter is essential for envelope formation in heterocysts
of Anabaena 7120 [1,2]. The deduced amino acid se-
quences of the three dev genes show similarity to
subunits of ABC transporters [3,4]: devA encodes
the ATP-binding component [1], devB the membrane
fusion protein and devC the membrane spanning
subunit of an ABC exporter [2].
With the ¢rst 260 bp of the devB gene of Anabaena
7120 as a heterologous probe, the devBCA cluster
from A. variabilis could be identi¢ed in a gene
bank and sequenced. Sequence analysis was per-
formed with the UWGCG package of the University
of Wisconsin genetics Computer Group, version 7.3
[5]. The sequence is available in the EMBL Nucleo-
tide Sequence Database under accession number
AJ003195. The DNA sequence of the complete dev
gene cluster of A. variabilis (Fig. 1) showed 94%
identity to the corresponding sequence of Anabaena
7120. Even the region 60 bp 5P of devB revealed 98%
identity and the non-coding stretch between devB
and devC was 92% identical, whereas a stretch of
55 bp was missing between devC and devA in A.
variabilis. The deduced amino acid sequences of
DevB, DevC and DevA show 98%, 97% and 98%
identity to the protein sequences from Anabaena
7120, respectively. Because the deduced amino acid
sequences of DevB, C and A of A. variabilis are
nearly identical to the corresponding sequences of
Anabaena 7120 they also show similarities to sub-
units of ABC transporters as described in Ref. [2].
Accordingly, DevA revealed similarity to the nucleo-
tide-binding subunit, DevB to the membrane fusion
protein and DevC to the membrane component of
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ABC exporters. These data suggest that the DevBCA
proteins in A. variabilis resemble an ABC exporter.
To investigate the physiological role of the devB-
CA gene cluster in A. variabilis, a site-directed muta-
tion of the devA gene was done. The fragment con-
taining the devA gene was cloned into pRL271 [6]
and the C.K3 cassette bearing the npt gene [7] was
inserted into the unique NheI site, located in the
devA gene (Fig. 1). After transfer to A. variabilis
via conjugation [8], double recombinants (DR87)
were selected as described [9,10]. The correct inser-
tion of the interrupted gene through a double recom-
bination event was shown by Southern blot analysis
of the DNA from several randomly chosen colonies
(data not shown).
The phenotype of the devA mutant DR87 was
characterized and compared to the phenotype of
wild-type A. variabilis, and was identical to the phe-
notype of the devA mutant M7 of Anabaena 7120
[11,1,2]. Forty-eight hours after deprivation of com-
Fig. 1. Restriction map of the dev gene cluster of A. variabilis. The three open reading frames devA, devB and devC encoding the sub-
units of the presumptive ABC exporter are shown as ¢lled arrows, indicating the direction of transcription. Restriction sites were
mapped by sequencing. The site of directed insertion of C.K3 into devA is shown. The npt gene encoding neomycin phosphotransfer-
ase under control of the psbA promoter was used as selection marker in conjugation experiments.
C
Fig. 2. DAB oxidation in intact ¢laments of wild-type A. varia-
bilis and mutant strain DR87. Filaments were deprived of com-
bined nitrogen for 48 h and then incubated for 30 min in DAB
solution in the dark. (A) DAB deposition is seen only in the
polar region of wild-type heterocysts. (B) In ¢laments of the
devA-mutant DR87, several heterocyst-like cells can be detected
which show no oxidation of DAB.
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bined nitrogen, DR87 showed spaced di¡erentiated
cells (Het), and the ¢laments started to fragment
(Fig. 2B). The envelope of the heterocysts looked
less refractile in the mutant (Hen3) than in the
wild-type A. variabilis (Fig. 2) in the light micros-
cope. Heterocyst-speci¢c glycolipids were identi¢ed
in thin-layer chromatography [12] of extracts of mu-
tant and wild-type ¢laments (Hgl) as seen in Fig. 3.
After staining with diaminobenzidine (DAB), brown
precipitates were detected near the poles of wild-type
heterocysts showing the heterocyst-speci¢c oxidation
of DAB in the dark and indicating high respiratory
activity [13] (Fig. 2A). No oxidation of DAB could
be detected in heterocysts of the devA mutant (Dab3)
(Fig. 2B). DevA mutants of both strains are not able
to grow aerobically on N2 as sole nitrogen source
(Fox3). Nomenclature of the mutant phenotypes
was adapted from Ref. [11].
Based on 97% identity between the Dev protein
sequences from the two Anabaena species, we suggest
that the putative ABC transporter plays a similar
role in heterocyst di¡erentiation (for a review see
[14]) of A. variabilis and Anabaena 7120. We hy-
pothesize that the DevBCA transporter exports gly-
colipids or an enzyme that is needed for assembly of
the laminated layer outside the cell wall of develop-
ing heterocysts [2]. Since no devBCA homologues
were found in the genome of the unicellular cyano-
bacterium Synechocystis sp. PCC 6803 [15], the
DevBCA exporter may be important for heterocyst
forming cyanobacteria only.
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